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Changes Affecting the bolubility of Casein^ 

Introduction. 

When a cheese undergoes the char.ge, commonly spoken of 
as ripening, all of the ingredients are changed, in a measure, 
but the paracasein or green curd, is the constituent that is 
modified to the greatest extent. The casein in a freshly 
made cheese, or in a cheese that is known as a green cheese, 
is a tough indigestible mass. During the ripening process 
this Curd becomes converted into bodies which are soluble in 
water and easily digested, and substances are produced which 
lend to the chaesa the flavor and aroma so highly prized. 

As to the cause of the production of this change in the 
casein there have been a variety of opinions advanced by dif- 
ferent scientists. 

From the time the modern study of bacteriology began, it 
has been generally assumed up to within a few years that the 
ripening of cheese is a process of bacterial growth; and the 
early experimenters hoped to determine the specific organism 
or organisms, capable of ripening cheese and use it as a pure 
culture starter in the same way the"Starter" is used today in 
the manufacture of butter. The more recent work feas shown, 
however, that these changes are not produced wholly by bact- 
erial growth, but are due in part, at least, to the action of 
certain unorganised ferments or enzyms. 

The changes which occur in the proteid constituents of 
the cheese during its ripening are far more significant than 
any of the other changes. The whole value of cheese is 
dependent upon its ripening; a fact, that would make it ex- 
tremely desirable that the exact knowledge of the manner of 
this ripening and its cau-es be understood. 
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History of the Study of Cheese-Ripening, 

.As early as 1875 Cohn^^^ declared that the ripening of 
cheese was a feriae-^tation due to the influence of fermenting 

organisms. After convincing himself that rennet as well as 

cheese contained numerous bacteria, he was of the opinion 

that the cheese ripening was due to those organisms that were 

introduced into the cheese by the addition of rennet* In the 

cheese he found such organisms as B. termo, micrococci and 13. 

subtilis, the organisms that he believed were introduced with 

the rennet and were the agents in the subsequent ripening of 

cheese. 

A few years later Duclaux^^' is convinced that the ripen- 
ing is caused by the butyric ferment, because under its 
influence the casein of milk is precipitated and gradually 
dissolved. 

Benecke^"^^ finds Gohn's rod-like bacteria in Emmenthaler 
cheese, and arrived at the conclusion that the ferment which 
brought about the peptonization of the fresh curd was B, sub- 
tilis, but that the formation of amiiMs was not due to the 
action of the schizomycetes. In this connection it is also 
interesting to note that Benecke believed that the ripening 
might be due to the action of unorganized ferments, a fact, 
he said, which could be determined by making a cheese under 
the conditions that would exclude or prevent ji|fa§d^l^@CWlC 
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of living germs* 

Duclaux^*) publisheci his results in 1887 of further 
stuc^.ies upon Cantal cheese, in which he claims to have isolat- 
ed a large number of species to which he gave the name 
Tyrothrix, meaning cheese threads. All but one of these 
germs possessed the ability of coagulating the casein, and 
subsequently of digesting the curd. From one he even went 
so far as to isolate a ferment capable of rendering casein 
soluble. This enzym he called casease and the soluble pro- 
duct formed from the casein by its action, as caseone. 

Adametzv^^ examined in 1889 Emmenthaler and cottage 
cheese and isolated nineteen species, but among this large 
number he neither found B. subtilis, which Cohn had found, 
nor B. butyricus which Duclaux had found. However much the 
conflicting results baffled the endeavor to secure an organ- 
ism capable of performing the work of cheese ripening, the 
bacteria were still considered the sole agents in the pro- 
cess. 

The phenomenon of cheese ripening was classified by 
Adametz, and to each division of the operation he ascribed 
certain species of bacteria; for instance a certain class of 
organisms dissolves the paracasein while sc"'0^fejfzidiv^V2P®(3^^ 
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the work up at this point and completes the decomposition of 
the proteids from the peptones and al^junoses into amides and 

ammonia, 

Benecke^s suggestion that if bacteria did not play an im- 
portant xoie in the cheese ripening they could be excluded, 
with no apparent effect, led Adaumetz to manufacture cheese, 
mixing with the curd such antiseptics as Thjonol and Kreolin* 
As a result the curd did not ripen, oemonstrating to him that 
beyond a doubt the bacteria were the cause of ripening, little 
suspecting that the strength of such antiseptics were also 
detrimental to the yet to be discovered unorganized ferments. 
It is well to recall here also, that Adametz worked with cot- 
tage cheevse, the manner of manufacture of which excludes ren- 
net and requires a considerable heating, a fact in itself suf- 
ficiently adequate, on the grounds of later knowledge, to ex- 
plain the results obtained by him. 

It was suffi9^ent for the time, however, and cheese invest- 
igators for the next ten years were content to ascribe to bac- 
teria the power of cheese ripening. 

However much or little these early experimenters added to 
the knowledge of the cause of cheese ripening, the credit must 
be given to them for having aroused the attention of those in- 
vestigators, who later were to figure so conspicuously in the 
effort to solve the problem. Digitized by LrrOOg IC 
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lie) 
Preudenreich with the work previously done by Adametz, 

fresh upon his memory, followed step by step the ripening of 

a single cheese, in order to see if the changes the cheese 

passed through were the work of special bacteria, and to see if 

the species present at the commencement of ripening continued 
active until ti^.e end of the process* Tne cheese was analysed 
at intervals of eight to fifteen days, and like Adametz 
he found in fresh cheese many different micro-organisms 
which quickly disappeared as the cheese aged so that at the 
end of eighteen days, a microbe called Bacillus x, by the 
author, predominated; and at tie end of 64 days, only this 
organism was found. The Bacillus x was a member of the 
lactic acid group* These results convinced Preudenreich 

that *the ripering of cheese was the work of bacteria; with- 

ii 
Out bacteria there was no ripening, {.ater Adametz 

confirms these results by discovering that a germ very like 
the Bacillus x predominated in cheese* 

As was stated it was supposed by Duclaux that the pep- 
tonizing bacteria were the chief cause of the digestion of 
casein which occurs in the ripening cheese* But it appears 
as shown by Preudenreiohthat these peptonizing bacteria do 
not grow to any considerable extent in the cheese, the chief 
increase in bacteria beirg among the lactic acid organisms. 
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Preudenreich^''^ i^- speaking of the Tyrothrix, potato or 
hay bacilli says .''Far from multiplyi^^g in the cheese, they 

seem, even if added to it in great quantities, to die off 
rapidly, unless when added in the spore form, in which case 
they remain alive for a longer time, but without multiplying; 
and added to milk set for cheese, they seem neither to pro- 
duce fermentation nor favor it, '" 

That the bacteria, therefore, do multiply in the cheese 
is shown by many analyses* In the study of hard cheeses by 
Russell and Weinzirl^ it appears that there are three periods 
of bacterial growth in the cheese ripening. At first there is 
a decline in the number of bacteria, continuing for about a 
day, This is followed by an increase in bacteria which con- 
tinues for two or three weeks. This increase is due chiefly 
to the growth of the lactic acid bacteria, for while peptoniz- 
ing bacteria are present they are in small quan^^ties and this 
great increase appears to be wholly confinec^ to the lactic 
acid group* After a time, the length of which is very variably 
the bacteria begin to decline, until finally only a comparative- 
ly small number are left. 

When the peptonizing and gas producing bacteria are not 
eliminated the result is a product which, on account of its off- 
Digitized by VrrOOQ IC 
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flavor, or huffecJ apperav*ce, i.^. worthle-s as an article of 
food. 

If bacteria aid in the chemical changes it would seem to 
be the lactic acid bacteria that are concerned. 

Preudenreicli^^ in 1891 said " it becomes, therefore 
Our task, to isolate out of the cheeoe micro-organisms, by- 
means of which, we could ripen cheese made from pasteurized 
milk, or which in sterile milk give off the same products 
which are to be found in cheese. 

This interesting problem, apparently narrowed down to 
a single group of bacteria to be considered in the ripening 
of cheese, naturally wa? very attractive to the early invest- 
igators and we find a number of men attacking Freudenr eioh^s 
lactic acid bacteria theory from all sides. 

Schirokich^^^) took up the study by preparing in milk 
pure cultures of peptonizing bacteria, and comparing the 
action of the two species On the cavsein of the milk. _A.^ a 
result he found that the casein was rendered almost entirely- 
soluble by the former, while the latter did not in any way ef* 
feet the casein, except to curdle it. These re?=ults natur* 
ally led him to remark that ''even if the lactic acid germs 
are present in milk and chee.-e in any very great ^umbers, 
they do not induce the changeK- in the ca;^ein in the process of 
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ripening and if they exert any influence at all it is only 
indirectly, since these bacteria donot dissolve casein, do 

not give off ajnmonia and do not form the volatile acids char- 
acteriwstic of ripened cheeseV The peptonizing bacteria on 
the other hand are of little value from the fact that Bon- 
zinsky finds that there is in cheese only a small quantity of 
peptone which is not precipitated by ammonia sulfate while the 
peptonizing bacteria produce in the pre.-ence of casein al- 
most pure peptones. The meager supply of these germs, also, 
in the cheese mass at any time during its ripening, does not 
indicate that they have much to do with the decomposition of 
the casein. 

The question. Can the lactic acid bacteria contribute to 
the advancing digestion of the casein?, found negative and af- 
firmative replies. 

Freudenreich^^^-' remarks, in connection with the fact 
that the digesting organisms of Duclaux are found for a short 
time in cheese, "It may still be argued that during the 
short time which they lived in the substratum, so many of 
Diiclaux^s ferments of casein, called casease,were produced 
that by this means were possible the peptonization of the 
casein" "But", he says further, "if this were the case then 
would cheese, made from ordinary milk, and above all from 
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pasteurized milk, inoculated ' with large masses of liquifying 
bacteria, have ripened^ This is found not to occur, surely 
then the lactic acid ferments play with the ripening the 

most important, if not 6ven the whole part." 

( 19) 

In lb97 ^ he seems to have thought to settle all dis- 
putes by growing lactic acid germs in sterile milk to which 
chalk had been added. The object of the chalk being to neu- 
tralize the lactic acid formed by the bacteria, giving the 
germ the opportunity for continued growth and multiplication. 
At the end of several months he found that the soluble nitro- 
gen had actually increased several fold. 

Practical experimenters had shown that cheese made from 
milk inoculated with lactic acid bacteria ripened normally, 
while such a result does not appear when it is inoculated with 
other types of bacteria. All of these facts lead to the con- 
clusion generally accepted, that in cheese ripening as in creaua 
ripening the lactic acid bacteria were ctiefly concerned. 

Prom 1897 to the present time a new factor has been con- 
sidered in the cheese ripening process. 

It had long been known that, enzyms could operate in the 
decomposition of proteid material> but it was not generally 
conceived that these unorganized ferments might be the sole 
causa, wniie^til MBfdi organisms were incidental, and^lfU.^T^ 
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they played any part, did so by indirect methods , offering 
perhaps conditions favorable for the action of the enzyms. 

Benecke almost a decade before this time had conceived 

the idea that the unorganized ferme-its played an important 

rftle, but further than this the question had not been attacked, 

only in so far that Adametz prepared cheese charged with 

strong antiseptics and found no ripening, a fact that had much 

to do with the exclusion of this factor for the next ten years, 

or until Babcock and Russell report the discovery of a natural 

ferment in milk direct from the cows udder, capable of render- 

(/il 

ing the casein soluble. In 1897 tabcock and Russell named 
this enzym discovered by them, galactase, and claimed for it 
the power, in the presence of chloroform, conditions suppress- 
ing bacterial activity, to convert the insoluble nitrogenous 
compounds of milk into soluble albumoses and peptones* This 
discovery changed the conceptions relative to the question of 
cheese ripening. 

They showed that cheese could ripen if kept in a perfectly 
sterile condition by the action of antiseptic agents, or by 
lowering the temperature to the degree that would exclude 
germ life. 

It was found that galactase was closely allied to tryp- 
sin in its activity. It differs however i:^ that it (galactase) 
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gives rise to a certain*aniount of free ammonia, and differs in 
regard to its optimum temperature of activity. 

About thio time Jen^^en^ oiVcoirered that cheese made trcm 
paisteurizedmilk to which ether and a certain amount of 
pancreas had been added cured quickly, and contained nearly 
Q0% more soluble nitrogen than cheese made without the addi- 
tion of pancreas. 

bchirokich^l-*) in 1898 grew Tyrpthrix tenuis for four 


days at 35 C and then filtered out the bacteria and adaed 

the germ*free filtrate lo sterile milk. The casein was 

digested, but the milk did not obtain the cheese odor* He : 

then grew a culture of pure lactic acid germs in sterile 

milk, and as soon as the milk had coagulated, added 5'^ 

of the sterile . enzym from tyrothrix and incubated at 

3t^^C. At the end of 15 days the mixture had a typical 

cheesy smell. Furthur experiments showed that the intensity 

of the cheesy odor depended upon the amount of acid present 

in the milk when the enzjm was added. This fact sugB;ested 

that .enzym was the active principle and that lactic 

acid germs, to furnish acid, and digesting bacteria, to . 

produce . enzyms could be used for cheese ripening. 

( 15) 
Babcock and Russell^ in 1900 came to the conclusion 

that an increase in the»ajiiount of rennet extract u^e^^AJJ^WS*!^- 
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ing cheese increases the amount of soluble nitrogenous 
products, which measure the progress of cheese ripening. 

The galactase theory of Babcock and. Russell was not. to 

(16) 

be accepted without opposition. Boekhout and de Vries 

made cheese from milk obtained almost in a sterile condition 
from the cow, and failed to get ripening, concluding at once 

that the galactose theory of Babcock and Russell is incorrect. 

(17) 
Pireudenreleh ^ met the theory half way by saying, 

that the natural ferment perhaps participates in the ripening 

by rendering the casein- soluble, and this facilitates the 

operation of the lactic acid ferments. And Jensen remarks 

in the sajne connection, as the result of his investigations 

that the 6hief function of galactase is in its rendering 

albuin^pid substances soluble and the principal r^le of lactic 

ferments is to form decomposition products, 

( 18 ) 
vanblyke, Harding and Hart concluded from a study 

of chloroformed cheese that" there is some agent at work in 
normal cheese which is not active in cheese made with chloro- 
form. 

This practically covers the history of the cheese 
ripening problem to the present time, and whether an applica- 
tion of bacteriology to cheese making will be possible cannet 
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yet be determined* The most recent work indicates^ however, 
that the micro-oxganlsms are needed to produce the proper 
flavors but the enzyms are also needed to induce the normal 
chemical changes which should take place during the ripening, 
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TART I. 
Object of the Preoent btuciy* 

The present work was undertaken for the purpose of 
determining the action of the lactic acid bacteria on the 

proteid compounds in milk to which calcium carbonate had been 

e 
added, bince Preudeni^^ich found that an organism of this 

class could actually convert insoluble nitrogen compound 
into the seiuble forms in the course of a few months, its 
presence in cheese in such large numbers must not be without 
effect. The action of other than the pure lactic acid bact- 
eria is not considered in this connection. 

Methods of Conducting the Experiment, 

The milk used for this experiment was obtained from the 
Experimental Farm herd, having been sepgcrated at the barn 
immediately after milking. The separated milk was taken 
immediately to the laboratory where flasks were filled each 
containing 400cc and placed in the autoclave for 15 minutes 
at a temperature of 120^G. In most cases the high heat 
slightly browned the sugar. 

The calcium carbonate was freshly prepared from calcium 
chloride and sodium carbonate. These two salts were dissolved 
in water and sterilized .^eparibtely in the autoclave, and 
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when they were cool mixed. , The precipitated calcium 
carbonate was then washed with sterile water until the 
washing^s were completely neutral, 

20 grams of the sterile calcium carbonate were adaed to 
400cc of the milk, and the mixture allowed to incubate for 
two weeks to test the sterility. 

bamples of milk with no calcium carbonate together with 
the carbonated milks, prepared in the above manner, were 

inoculated with a pure culture of Bacterium acidi-lactici, 
which had been grown in the laboratory for some time but 
just previous to inoculation had been passed thrcugh milk for 
the purpose of re juvenescer.ce^ These flasks were incubated 
in a room kept at a constant temperature of 27^0. 

V;henever samples were analysed all the milk in a flasli 
of 400cc was used so as to deminish errors in sampling. 
This sample was analysed bacteriologically and chemically. 

Iviothods of Bacteriological Analysis, 
This side of the analysis required the plating of 
diluted sajnples, for the purpose of determining; first 
the purity of the culture, for any contajaination necessitating 
the destruction of the sample; and second the number of 
germs per cubic centimeter. 

The plates were always made with 12*^ gelarj^it^agft^ naviiig'^an 
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acidity of 1.5« (P'uller Scale) and incubated at 20^0 for 
four days, 

Methodc? of Chemical Analysis, 

The chemical analy.-.is consisted in the determination 
of the degree of acidity and the amount of soluble nitrogen 
compounds. 

The whole 400cc of the milk in the flasks were used 
in these determinations. 

The acidity was determined by titration and the acid, 
present converted into percentage of lactic acid. 

For the soluble nitrogen determination lOcc of acetic 
acid (10^) are adoed to the flask of milk and boiled for two 
or three minutes. This process precipitates all of the 
insoluble proteid compounds leaving the soluble in solution. 
The mass is filtered through a paper filter and. washed until 
the filtrate amounts to exactly 500cc, This solution then 
contains all of the soluble nitrogen represented in the 
400cc of milk, so that 25cc of this filtrate will represent 
20cc or grams of the original milk. 

Total boiuble Nitrogen Determination. 

25cc of the above filtrate is used to determine the 
nitrogen content according to the Kjeldahl method. The 
ajnount of nitrogen obtained represents the amM'A^ %V^st)S:i0>Te 
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nitrogen in 20 grams of the milk, 

Amidfes- Determination* 

50cc of the above filtrate is acidified with sulfuric acid 
and treated with phosphotungstic acid, and the whole mass 
is made up to lOOcc, This is allowed to stand 50 minutes to : 
insure complete precipitation of the nitrogen capable of 
being precipitated by phosphotungstic acid. After filtering, 
50cc of the filtrate is used for the nitrogen determination 
according to the Kgeldahl method. The nitrogen obtained re- 
presents the amides present in 20 grams of the milk. 

The figures given in all the tables represent the per- 
centage of the nitrogen compounds in the milk as compared 
with the total amount of milk. 

Effect of B.. Acidi-lattici on bterile Milk. 

It has already been said that FreudenrJLch was able to 
grow lactic acid bacteria in sterile milk, in the presence of 
sterile chalk, and obtain an increase in the total soluble 
nitrogen, at the end of a few months. 

The following is briefly the method used by him: 

Milk to which chalk has been added was sterilized in 
the autoclave and inoculated with lactic acid germs derived 
from various sources. The chalk prevented the precipitation 
of the casein by neutralizing the lactic acid j^ifeeJL^vBfi©C}>@(l€ 
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duced by the organisms. It gave also adequate facilities 
for the continued growth and multiplication of the bacteria. 

At the en6 of several months these milks were passed through 
a Chamberland filter and the nitrogen determined in the 
filtrate as soluble nitrogen. The fact that he obtained as 
high as 0.22^ of soluble nitrogen after the incubation, 
as compared to the initial 0.03^, convinced him that his 
germ theory was correct and that cheese ripened solely 
through the fact that the lactic acid germs were present. 

The following tables show the results obtained by Preu- 
deniBich: 

(19) i»Preshly sterilized, milk contained on an average 
0.033« of total soluble nitrogen." 



Organism used ^Time 
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: 0.214:'* 




:0.140* 
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: 0.094* 




: 0.053* 



Aside from the fact that cheese, composed in its green 

state of precipitated, cav^ein and fat, is far from being 

e 

comparable to the milk in Freudenij^ich^s experiment, it cer- 
tainly did appear to the casual observer that )^2.c.t^]yAQQTp 
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playeci a vary important role* The lactic acid ^erin has never 
been credited with having the power, under any conditions, 
of secreting a proteolytic enzym. Any action it may have 
upon the casein being due entirely to its direct activity. 

The following tables give the results of the experiment, 
and show the changes that have taken place in the milk at the 
ends of varying lengths of time. 

The uncarbonated milks soon curdled and presented the ap* 
pearance of a solid curd floating in a clear whey. While, on 
the other hand, the carbonated milks never curdle^ but the 
millions of bacteria per cc, at the time of analysing in 
each case, testify to the fact that, these germs found con- 
ditions which were favorable to their growth. The calcium 
carbonate was not all used up, but it is to be noted in the 
tables that the milk was never neutral a condition that 
Freudenielch did not obtain. His milks were always neutral or 
slightly alkaline. The acidity of the carbonated milk was not 
due to free acid, btit to acid salts which could not be neutral- 
ized by the free calcium carbonate. The organizm used was in 
all probability not identical with Freud enreictfs organisms, 

but Bacterium acidi-lactici, being the common bacterium present 

it 

in cheese during its increaseperiod, ^ou^ht to be able to act 

upon the insoluble casein here, if it plays the impo^aTr^a{^<^ 



Digitized by 



Google 



ascribed to it in cheese ripening. 

The figures represent the percentages of total soluble 
nitrogen and amides in the milk at the ends of the periods 
indicated. 

Table I. 



t 

ilO CaCO, ■ 1 With CaCO^ 


Jlo iT.sol.-Amifles, 


' 7- -- J . 7 

: : : : : 

!Bact. lAcidityNo :T. sol:Amides :Bact. :Acici.ity 
I per cc: :Dys: N, : :per cc: 


0: .073: . 

": .070: 


! : .14^: 0: .070: tr : : 

: : " : ": .069: ": : 


52: ,068: .006: 
: .056: .Oil! 


1 --- : .58^: 52: .109: .011: : .4555 
! num.: : : .109: .011: : 


72: -.051: 

: : : 


: 12000: 1.03«:338: .076: .024: : 
! : : : .057: .025: : 


470: .07: .C17i 
: .059: .024! 


: :. .7255: : : : : 


470: .063: .016: 
.049: tr.! 


: : .5555: : : : : 



Table II. 



0: 
"59: 


,044! 

_.Q4g! 

.066. 
.063! 


! .019: 

:-.^Ql§: i 

: .016:llmil. ! 
.015: ! 


: .14!| 0; 

""Tiiirii: 


.048: 
..^Q4S:, 

.090: 
.109: 


.02: : 

..rQ3i :. 

.02:96 mil: 
.014: : 


.1455 


450: 


.051. 
.042! 


! .007: 

! tr : ! 


! .45^:257: 


.063: 
.061: 


.011: 1 mil: 
tr : : 


.50% 






! :314: 


.06t): 
.060: 


.014: : 
.016: : 






1 


\ : 1 ; 


! :450l 


.063: 
.070: 


tr : : 
tr : : 


.17^. 



Table III. 



:o 



:OiQ: 
,016: 



:u%' 



72 



.054 
,050 
.065 

I 071 



,012: 
,Q2g;61Qkil 



, _ _ a WW -Jr. 



Goug 
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compourdo quite as much as acid solutions. The fact that 

Freud enreich^s milks were always neutral or alkaline 

would seem to partially explain the results obtained by him. 

Three conclusions that can be drawn from the above 
tables are these :- 
1st. Calcixm Carbonate prevents the accumulation of 

lactic acid giving the ^organisms facilities to 

continued growth and multiplication. 
2nd. B. Acidi-lactici does not attack the precipitated 

casein of the uicarbonated milk. 
3rd. B. Acidi-lactici does not convert the casein into 

soluble products when calcium carbonate is present. 
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Table IV. 



NO CaCOs i With CaCOg 

S?,o:-''*f,^^*-*"^i^es|Bact, :AcldltyNo :T;sol:Amides:Baet. : Acidity 
^y^* _N__: :P??.2S' ;?Y?;_.5-.; ;£??-5S: 

: .038: .015: : : : .050: .016: : 
0: .040: .017: : : .0: .045: .015: : 

""~:~r045:"'roi4: : I """ : "ToB?: ""Toii: ~": 

325: .052: .012: 200: :325: .059: .014:6680000 


: .082: .028: : : : .055: .010: : 
325: .079: .023:122300: :325: .056: :7866000 



In some cases the tables show a slight increase in 
soluble nitrogen, where the calcium carbonate has been added, 
in others there is no increase* In the uncarbonated milks 
thdreis absolutely no increase in soluble nitrogen in any 
case* This latter fact is to be expected however, since 
Chodat and Hof fman.Bang ^ ^ has demonstrated that the lactic 
acid germs cannot attack the precipitated casein^ They 
demonstrated this by growing lactic acid bacteria i.i preci- 
pitated sterile casein from which all the sugar had been 
removed, and finding no increase in soluble nitrogen, whatever 
In the case of green cheese, the paracasein more closely 
resembles the conditions as produced by these investigators 
than the casein does in the liquid milk. 

The tables also show the enormous bacterial content 
of the carbonated milks. 

btrongly alkaline solutions dissolves the proleiOOQlC 
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Part II • 

Effect of Low Temperature on the 
Digestive Processes in Milk. 

In the Eighteenth Annual Report of the Wisconsin 
Agricultural Experiment Station, Babcock and Russell report 
the ripening of chee.^e at a temperature of 15^-.30^F. In 
the words of the authors we find this statement, "Cheese 
were^ placed at a temperature that was kept below freezing 
(15^-3Q^F) for most of the time. They were removed at the 
end of 14 and 17 months, respectively ard examined chemical- 
ly as well as for quality. These chees© showed an almost 
perfect texture and an extremely mild flavor with ro trace 
of any bitter or undesirable taste." 

The curre-^t opinion has been that bacteria are i.-icapable 
of growth at temperatures below freezings The results of 
Babcock and Russell on cheese ripening are therefore of 
interest as it would seem, if this is true, that the 
ripening changes were under the control of non-vital fer- 
ments. 

In order, however, to te:=t crucially by experi*- 
mental analysis whether bacteria can flourish at these 
abnormally low temperatures, the following series of tests 
were made. 
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!• Relation of Low Temperature 
to Bacterial Activities^ 



The object in view when the following study was begun 
was to determine the ability of bacteria to grow when kept 
in a freezing mixture. 

The experiments were performed in the following manner: 
bkim milk separated at the Experimental Farm dairy 
barn was brought, immediately after separating, to the 
laboratory and divided into two parts. To one part 6* of 
sodiiim chloride was added while the other was left unsalted. 

These two samples were placed in a freezing mixture of ice 

er 

a "^d salt and left in a. refrig^ator, which was kept at a tem- 
perature of about 8 C* It was necessary to pack the milk 
with fresh freezing mixture twice a week. This treatment 
kept the milk continually in a partially congealed con- 
dition, but did not keep the temperature below 0^c> except 
for a few hours immediately after packing, at which time it 
would run as low as -12^ to-15^ 0. 

Wher. the cheese ripened in the cold storage as already 
mentioned, it is presumed that the liquid contents did not 
congeal, but due to the dissolved salts were kept in the 
cheese mass, allowing the micro-organisms, if present, to 
find a suitable liquid medium. 
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The sodium chloride was added to the milk in order to 



produce such a salinity in the milk that the liquid would 
not be tongealed when subjected to a temperature of a few 
degrees below O^C* 

The milks both salted and normal ai^^ays presented a 
partially congealed appearance but this frozen mass was of 
a soft consistancy and possessed a large percentage of liq- 
uid substance. 

The purpose that the salt was intended to serve was 
defeated, but since the milks partook to a large degree the 
nature of the conditions probably met with in the cheese 
kept at this temperature, it is legitimate to draw conclu-^ 
sions from the data at hand. These milks were analysed 
bacterifilogically and chemically at the end of varying 
lengths of time with the result as shown in the following 
table : 

Table V. 
^^ ?!^^* J?ii^l - 1^.1 -t^® ® 2i?2g J'ii^ture )^ 



Check. 



6% NaCL. 



No :T. sol: Amides :acid:bact 
Bys: a : : :pecc 



:No :T.bol: Amides :acid:baot, 
:Dys: N : : :per cc. 



3: •337: .018:*14f^: 
: ,040: .018: : 



66: •088: 
: ,090: 



,030:. 21«: num 
,032: : 



: 66: .056: .014 : . 14'^:*numerous 
: : .054: .013 : : 



187: .159: 

...i-.162i. 



018:. 40^: mil 
.012; I 



:187: .138: .014 :.34^: thous. 



?243t":}8i-"r8}i"h3o«t45oooaS8"^^-' 

• • .JLV/«.VX7 • _^* — 
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A study of the table will show the following: 
1st. The bacteria, in both milks, multiply at a freezing 

temperature* 
2nd. In both cases there was an increase in total sol- 
uble nitrogen, but the amount decreases as we pass 
from normal to salted milks * 
3rd. 1)1 no case did the amides increase. 

The continued growth in the milks is in direct ac* 
cordance with the results obtained by Higgins ^^^\ Higgins 
found that a large number of organisms can grow at C. 
It is also in accordance with the results obtained by the 

author in working with water organisms at a freezing tempera- 

. (22) 

ture ^ Numerous species were found to be able to grow 

and multiply at G when suspended in water. There are un- 
doubtedly many species commpnly found in milk which are 
able to grow a'^d multiply under these apparently adverse 
conditions. 

The acidity increased in both of the milks with the 
bacterial growth, which fact i^^dicated that the organisms 
were acid producers, and probably belonged to the lactic 
acid group, although this point was not determined. 

bince the increase of soluble nitrogen is largely 
composed of the higher products of <^^compositi^oijL^g^it^0^0^|^ 
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seem to indicate thatneither the bacteria, their erzyms , 
nor the inherent enzyms in the milk are able to form amides 

at this temperature, but that the by-products formed were 

confined entirely to the albumoses and peptones* 

A comparison of the following table obtained by Babcock 

(23) 
and Russell in working on cold storage cheese will 

show that amides are produced iri cheese at the low tempera- 
ture; a result somewhat different from thase that may be 
deducted from the above :^ables* 



1 15° F, 

Age inirra. 

months: Amount of: :T, sol N, :Amides. 
: rennet used: : 



la: 
14 1/2 
10: 
14: 
6: 
10: 
14: 



3 oz: 
3 oz: 
6 oz: 
6 oz: 
9 oz: 
9 oz: 
9 oz: 



.60: 
.62: 
.63: 
.87: 
.70: 
.74: 
.95: 



22 
24 
12 
22 
24 



2. Effect of Cliloroforia and bait on the 
Digestive Irocesses in Milk. 

a. At Freezing Temperatures. 

Irs view of the fact that i'^ the previous experiments, 

where raw and salted milks were used, the soluble nitrogen 

increased, it became desirable to determine the relation the 

bacteria held to this digestive process. Consequently the 

sajne conditions were provided and milks were prepared in the 

saune manner as in the previous experiment, except thatOOS^^ 
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2-^% chloroform was added to each sample. The antiseptic 

lit 

destroyed the bacteria, as the table will show, leaving the 
enzym, galactase, free to operate Uiider these conditions* 
The following table gives the result of both the chemical 
and bacteriological analyses: 

Table VI. 

^ . ??f?«^ii^i.ii?^C?§§5i26«^i?i^?§i«. 

2 ^^ « CEClj :: 6^ NaCl and 2 ^2% GHCl^^ 

No :T. soi:Amides:acid:bact: :No :T. sol: Amides: acid: bact. 
dys: N : : :percc:dys: N : : :per cc. 



"■■ Ml :8iei-"*i 






66: .075: •024:.14«: 0:: 66: ,056: .040:.84!«: 

: .071: ,019: : :: : .064: .028: : 

187: r054:'"roi9:ri3^:'"i2:n877"r080:^^.020:ri5«: o" 

.: .046: .019: : 10:: : .084: .021: : 

243:"r075:""^007:ri4^:""'0^:243:"r092:'"r0 5" 

: .068: .014: : :: : .100: .012: : 



The increa e of soluble nitrogen is indeed xery slight 
in both samples of milk and might easily be considered as 
insignificant. This may mean, that galactase can operate in 
the absence of chloroform but ViOt appreciably in its pr§s« :: 
ence, under the cold conditions, or that the bacteria are 
responsible for a large share of the increase of soluble 
nitrogen in the previous experiment* But whatever factor 
is Operative it can produce at the cold temperature the high* 
er products of decompositibn, but .not the lower ones. 
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b. At the Higher. Temperatures • 
It was necessary now after these results had beer 



obtained, to determir^e the effects of chloroform and sodium 
chloride upon the action of galactase when placed at 25 c. 
Milk from the same soutce as all the milks used up to 
this time, was treated with 2^^% chloroform and varying 
quantities of common gait. One lot received 2« salt, 
another 4« and another 6*, while one lot was treated with 
only the chloroform for the purpose of controlling the 
other results* The following table gives the results of 
this experiment. 

Table VII. 
Raw Milk (at 25^C) 



Reagents: no 
used ^dys. 







I. sol. 
N. 

.047 



Amides: acidity 



.013: 
.013: 



.14^ 



no. of 
germs^per cc. 
not "determined" 



^Hol3 



93 



2 
280 



.294 

■.in 

.317 



. 040 : 
.040: 
.075; 
.073: 



".one 



CHcl, 
+2^ Naci 



93 
93 



.230 
.236 



.048: 
.050: 



CHcl, 
-f4« Nacl 



93 



.143 

.130 
.175 
.177 



.026: 
.024: 

:8iSi 



CHcl, 
^6% Nacl 



280 
280 



.187 
;180 



.036: 
.034: 



Prom the table it is apparent that there is a large 
increase in soluble nitrogen in every case, but no bacteriaJ 
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growth. The aonides have increased, a condition not met 
with at the freezing temperature. 

By comparing the two tables we find in the low tem- 
perature experiment (Table VI.) that the raw milk plus 
2^/2^ chloroform after 243 days contained .07^ of soluble 
nitrogen and .01* of ajnides as against an initial .037* of 
soluble nitrogen and. 01* amides. In the high temperature 
experiment (Table VII.) we find the raw milk plus 2^^"^% 
chloroform after 280 days contains ,319* of total soluble 
n.itrogen and .075* of amides as against an initial .047* 
of total soluble nitrogen and .013* of amides. 

Also comparing the raw milks plus 2^^^% chloroform and 
6* salt in the freezing mixture and those ineubated at 
25:^ C we find a marlied difference. The freezing tempera*- ^ 
ture allows but slight increase in soluble nitrogen and no 
increase in amides, while the milks kept at 25^c shows that 
the total soluble nitrogen has increased nearly five fold 
while the amides has increased three fold. 

It is also apparent that galactase preforms its func- 
tions in the pre.^ence of 2^/^^ chloroform at 25^C, but is 
retarded by the addition of sodium chloride, the greater 
amount of salt used the less conversion of non-soluble 
nitrogen into the .soluble form.. Digitized by GoOglc 
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To summarize the results as obtained from the table. 
1st. bait iiihlbits the normal action of galactase. 
2nd, Gralactase apparently acts normally in the presence 
of 2^/2^ chloform at the higher temperatures. 

In view of these conclusions it appears that galactase 

io more largely responsible for the production of soluble 

nitrogen in the raw milks with no chloroform, at the low 

temperature, thai the bacteria which have multiplied in 

these milks. In the salted milk the amount of soluble 

nitrogen was less than in the unsalted milks, at low tempe**- 

atures. Since salt retards the activity of galactase 

as shown in the above tables, it would seem to indicate 

that we had to deal with the saime enzym in the frozen milks ^ 

Therefore the choloform together with the low temperature 

conditions inhibits the activity of galactase, 

III. Relation of Low Temperature to the 
Action of Rennet. 

Rennet extract is a mixture of at least two enzyms, 
rennin and pepsin . Experiments were preformed for the pur- 
pose of determining the effect of a freezing temperature -i 
upon the normal activity of these enzyms. 

This experiment was conducted in the following manner: 
' , bkim milk from the farm separator was -Sivided, one j 
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part of which was boiled for the purpose of destroying the 
inherent enzym, galactase, and the other was treated in a 
raw condition, 

0.1^ (1:1000) rennet extract was added to each 
sample (raw and boiled) after which they were divided 
again, one half of each being acidulated with .5% lactic 
acid. It was desired to imitate as nearly as possible the 
cheese conditions. 

The-e four saonples were kept in a freezing mixture, 
in the same manner as previously described, bringing the 
temperature down to c for most of the time. 

Samples from these milks were analysed chemically 
and bacterioiogically at the e:"d of 96 and 196 days res- 
pectively. 

The following tables give the results of this 
experiment. 
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Table VIII. 









Ra*. milk. lir 


. freezing mixture) 


No""- 
Days: 


. 1% rennet 

Trioi": Ami3.es: J 
N : : 


ici3.:6ac£~~~j 
:per cc : 


•;. .1% rennet .3% lac, acid, 

"iNo'TlTsoirAmiaesracidFBactT 
:dys: N : : : 


0: 


.040: 
.039: 


.016:. 
.018: 


144«:not det: 
:ermined ; 


: 0: 
: : 


.040: 
.039: 


.016:.445S:not det 
.018: :ermined 


96: 


.27: 

.28: 


.019: 
.020: 


.75f8 11422000: 

• • • 


: 96: 
:196: 


.255: 

.26o: 


.019: .7^:1170000 
.017: .7«: 


196: 


.36: 
.365: 


.057: 
.047: 


.8^:7252000: 

• 

• < 


: 196 : 

m • 
• • 


.286: 


.028: .79^:7500000 
.026: . : 


196: 


.319: 
.329: 


.058: 
.056: 


.8«:2418000: 

• i 

• « 


:196: 

• • 

• • 


.276: 
.273: 


.033: .45«: 14102000 
.036: : 


196: 


.280: 
.290: 


.036: 
.036: 


.855: : 


:196: 

• • 

• • 


.279: 
.271: 


.025: .7^:5222000 
.028: : 



Table IX. 
Boiled milk. (in freezing mixture) 



No : T.bOl:Ami-:acid:bact. : :No :T.bol:Ami. 
dys: N : des: :per cc ::dys: N :des 



acid:bact. 
:per cc. 



0: .040: .016:.144«: not de:: 0: .040:. 016 
: .039:. 018: :termir:e'^: : .039:. 018 



.44^:not determ- 
:ined. 



96: 
196: 



.14:.021:J.4455: 
147:.017:i44^: 



96: .229: .01 
: .280:.02J 



.7^: 

~o«:48348555o" 



.213:. 007: 
.220:. 007: 



,7«:56323000:196: .257:. 023 
: :: : .260:. 019 



196: 
196: 



.225:. 019:. 35^:20951000: 196: .253:. 038 
.217:.021:.35«: ::196: .252:. 028 



.4558:24940000 

» 

""silioiooSoo' 



: :196: .279:. 035 
:: : .265:. 040 



From these tables it is evi'ient that bacteria find 
conditions favorable for multiplication even at a temperature 
of O^C. It is also evident that the insoluble casein of 
the milk has been rendered soluble, but that the decomposi- 
tion has been confined again to the higher products. In no 
case has there been an appreciable increase ^' Lh^ amido- 



Digitized by VrrOOQ IC 



compounds. The acidity has progressed apace with the in- 
crease in total soluble nitrogen in nearly every case, in- 
dicating again that the species of bacteria present probably 
belong to the lactic acid group* In the case of the raw 
milk, enzyms from three sources may operate^ namely: The 
inherent enzgm^ galactase^ the enzyms from bacterial activity, 
and the enzyms introduced with the rennet. In the boiled 
milks it is to be noticed that the greater acidity accompa- 
nies the greater amount of soluble nitrogen, a condition 
to be expected also, since the pepsin in the rennet ex- 
tract acts more energetically in an acid medium* 

The data at hand indicate that bacteria not only 
develop and multiply at freezing temperatures but pro- 
duce the products of their metabolic activities as de- 
monstrated by the production of acid. 

The organisms so often at fault for off flavors in 
cheese are undoubtedly unable to grow at this temperature, 

a fact that will harmonize Babcock and Russell^s results, 

obtaining 
ii5 seldom a bitter or taii^ted cheese when cured in the 

cold storage, and the results laid down in this paper* The 

tolerance to cold varies with the different species of 

bacteria as commonly found in milk* 

The fact that bacteria always multiplied in milk atr 
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tliii? low temperature may account for some of the products 
of decomposition, but it is hardly to be expected that they 
would, function to any great extent if they carnot be ascrib- 
ed as effecting the ripening of chees^ kept at higher 
temperatures* In no case from the data at hand can the 
bacteria be taken as the sole agents in the conversion of 
the casein into the soluble form, but they are undoubted- 
ly responsible for the production of the requisite acidity 
for the normal action of pepsin in the rennet experiments^ 
The presence of enzyms, whether produced by an animal 
cell or a plant cell, will insure the decomposition of 
proteid matter, if of a proteolytic nature, but their 
activity is affected by external conditions. Heat and 
certain strong disinfectants will destroy their activity 
entirely. It is not strange therefore to conceive that a 
very low temperature will at least impair the activity of 
these unorganized ferments, and cause them to fall short 
of their normal activities , Gaiactase is at the lower 
temperatures, apparently unable to produce the lower pro- 
ducts of decomposition and to be able only feebly to produce 
albumoses and peptones, but further experimental data is 

gitized by Google 



desired before this may be positively stated. 
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Gonn^^* remarks: "The cheese flavors give this mater- 
ial its peculiar value as a food product. The origin of 

these flavors is therefore a matter of the greatest import- 
ance. Although the chemical cha^iges which digest the case±i 
in ripening cheese may be due largely to the chemical fer- 
merts, galactase and pepsin, the flavors have certainly a 
different origin. These enzyms do not produce flavors, 
ar.d casein which has been rendered soluble by them does not 
have the characteristic chee^-e taste". In this we amy see 
the function of the micro-organisms, in that they not 
only furnish the requisite acidity for the action of cer- 
tain enzyms, but lend to the cheese mass that peculiar 
taste and aroma^ so characteristic of well cured cheese. 
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General bummary. 

Bacterium acidi-lactici cannot render casein soluble 
either in the presence of calcium carbonate or in its 
absence. It does form acid, which unites with the phos- 
phates or the casein to produce acid salts, which in the 
cheese may give the requisite acidity for the activity 
of the rennet enzyms. beveral species of the bacteria 
common to milk are able to grow, and produce their rormal 
products, as shown by the production of acid, in milk 
kept in a partially congealed condition. 

Galactase can operate in the presence of chloroform at 
25^0, but ca- not produce the lower products, as amides, 
and are enfeebled in the production of the higher products 
of decomposition. 

The enzyms of rennet cannot produce the ajaido-com- 
pounds at C, but the productio:*_ of the higher compounds 
seem to be unimpaired, 

bodium chloride inhibits the action of galactase at 25^c 
in that a suppression of the production of all the products 
of decomposition is produced. 
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